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ABSTRACT: For the image quality analysis of photogrammetrical systems using the Modulation Transfer Function (MTF),
the edge gradient analysis (EGA), using a Hanning function, and the grating pattern method are compared. Artificial
edge and grating patterns were photographed from an airplane and were analyzed to determine the quality of the
photogrammetric system. The pictures were scanned with a microdensitometer. For comparison with the artificial
patterns, a natural roof edge was examined. Good agreement of all MTF measurements was found. Furthermore, the
resolution found from MTF curves agreed well with the resolution obtained from three-bar targets. Generally, the MTF
curves obtained from patterns in the flight direction were lower than the MTF's perpendicular to the flight direction
due to airplane movement. The influence of linear image motion and its compensation was examined and is discussed.
EDGE DIFFERENTIATION METHOD
In linear space invariant systems the image obtained can be
described by the convolution integral
METHODS FOR DETERMINING THE MTF FROM AN EDGE
IMAGE
During the past 20 years different calculation methods for
edge gradient analysis, EGA, have been developed Gones, 1967;
Jones and Yeadon, 1969; Lei and Tiziani, 1986; Sievers, 1976).
One method, based on the differentiation of the edge, has often
been used for MTF determination. The OTF is determined from
the Fourier transform of the spread function, obtained from
differentiating the edge image. It can be called an indirect method.
Recently, a direct method using a Hanning window was de-
veloped (Lei and Tiziani, 1986). The method is based on the
Fourier spectrum amplitude ratio between the real and an ideal
edge image. It can be called an edge spectrum ratio method.
There are several other methods for EGA (Scott et aI., 1963). In
the following only the differentiation method and the edge
spectrum ratio method will be discussed.
INTRODUCTION
I N PHOTOGRAMMETRY the image quality of photographs is ofgreat importance. With digital image processing the image
quality can be improved under certain conditions. Flight con-
ditions usually lead to reduced image quality (Holdermann, 1976).
The optical transfer function (OTF) and especially the modula-
tion transfer function (MTF) are useful techniques for measuring
the image quality of photographs. The MTF is the result of -the
contributions of the links in the image transfer forming chain,
namely, the camera, the film, image motion (in systems without
forward motion compensation, FMC), vibrations, and the at-
mosphere (Tiziani, 1977).
Artificial or natural edges are used for the edge gradient analysis
(EGA), and varying spatial frequency patterns are used for the
grating pattern technique. The aim of this paper is to compare
both methods and to test their reliability. Results are shown
and discussed. Furthermore, the influence of linear image mo-
tion on image quality is examined.
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which results in the edge image function
The Fourier transformation of Equation 4 leads to the OTF
D(R) = FT[L(u')] (5)
The absolute value of D(R) is the MTF. Figure 1 shows the
calculation process schematically. In order to suppress
photographic film noise, Jones and Yeadon (1969) introduced a
smoothing function for the differentiation method.
High frequency noise is eliminated by convolution of the spread
function with a smoothing function or by multiplication of the
OTF with a rectangular function. Low frequency noise can be
suppressed by multiplying the spread function with a chosen
Gauss function.
EDGE SPECTRUM RATIO METHOD
In the new and relatively simple EGA method, the MTF is
obtained by dividing the spatial frequency spectrum of a scanned
edge by the spatial frequency spectrum of an ideal edge. From
convolution theory and Equation 1, it follows that
b' (R,S) = b(R,S)'g(R,S) (6)
where b'(R,S), b(R,S), and g(R,S) are the Fourier transforms of
B'(u' ,v'), B(u,v), and G(u' ,v'), respectively.
From the definition of the MTF, it follows that
By differentiating the edge image function, the line spread
function can be obtained, Le.,
with the intensity distributions B(u,v) and B'(u' ,v') in the object
and the image, respectively, and G(u' ,v') the spread function.
If B(u,v) is an edge function it can be written one-dimensionaly
as
(1)
B(u' ,v')'G(u',v')
00II B(u,v)'G(u' - u, v' - v)dudvB' (u' ,v')
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FIG. 1. Principle of the differentiation method to obtain the MTF from an edge image.
(b)
FIG. 2. (a) Hanning function. (b) Spectrum of the Hanning function.
DETERMINATION OF THE MTF FROM A GRATING
PATTERN
For comparison with EGA, a variable spatial frequency grating
pattern was used for the determination of the MTF. The density
profile of the grating pattern is shown in Figure Sa. The pattern
was photographed from an airplane with an aerial survey cam-
era. The contrast of the photographed pattern decreases due to
diffraction and different disturbances with increasing spatial
frequency. Figure 5b shows a density profile for a grating image
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FIG. 3. Spectra of the edge images: a - multiplied with the
Hanning function and b . without Hanning function.
Figure 3 shows the spectra of an edge function (a - multiplied
with the Hanning function, b - without multiplication).
A smoothed curve is obtained from the spectrum of an edge
image multiplied by the Hanning function, which is in good
agreement with the spectrum's envelope. Zero amplitudes are
no longer present.
Figure 4 shows schematically the procedure for the MTF
determination. Before applying the Fourier transformation, both
scanned and ideal edges must be multiplied by the Hanning
function. By the introduction of the Hanning function, noise on
top of an edge image can also be suppressed. The method of
Blackman (1968) can be used additionally (convolution of the
MTF with a chosen Gauss function) to suppress photographic
grain noise.
It can be shown that a multiplication with a Hanning function
does not affect the MTF. The method was also analyzed with a
computer simulated edge function and good agreement with
the expected MTF was found. The ratio method requires little
numerical effort in comparison to other edge detection methods.
For the EGA of images, we used the ratio method.
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The division of the direct numerical Fourier transforms of the
edge in the image and object space leads to a problem because
infinitely expanded edges must be limited by a multiplication
with a rectangular function (window), leading to zero amplitudes
at even harmonic frequencies in the spectrum of the ideal edge.
To avoid a division by zero, the rectangular function is replaced
by a more suitable window function such as the Hanning function
(Brigham, 1974). Figure 2 shows the Hanning function and its
spectrum.
The Hanning function can be written as
{
1/2 - 1/2cos(2'TTu/L) 0 ~u~L
H(u) = (8)
o u<~u>L
with the length L of the limited edge.
The Fourier transform of the Hanning function is
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FIG. 5. (a) The density profile of an original grating pattern. (b) The density
profile measured on a Kodak Panatomic-X film. (c) The corresponding
computer-simulated d,ensity profile.
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FIG. 4. Diagram to calculate the MTF using the Hanning func-
tion.
FIG. 6. Different test patterns.
COMPARISON BETWEEN THE MTF'S OBTAINED FROM AN
EDGE IMAGE AND A GRATING PATTERN
To analyze the image quality of airborne photographs, arti-
ficial patterns were produced and photographed by the Wlld
f]
+ 0.15exp [ _lt~Uo )2] (10)
with the coordinate Uo of the spread function maximum and a
parameter (J" controlling the width of the spread function.
For the convolution of a spread function with the intensity
distribution of a grating pattern, the parameter (J" was steadily
varied until the envelope of the scanned image was in best
agreement with the simulated pattern. For the comparison of
the simulated with the scanned pattern, the exposure curve of
the film needs to be taken into account. After determination of
(J", the MTF is calculated as the absolute value of the Fourier
transformed spread function. According th'2 Fourier theory, it
is a combination of two Gauss functions.
obtained with a microdensitometer. Using the convolution in
Equation 1, the imaging process can be simulated with a com-
puter. The intensity distribution of the grating pattern is con-
voluted with a computer simulated model of the spread function
and the result, shown in Figure 5c, compares well with that of
the scanned image of the grating.
Three different models of spread functions were suggested
by K6lbl (1985). A Gauss function, which was found to be a
very rough approach, and two different combinations of two
Gauss functions have been examined. We used the following
spread function:
[
u-u
l(u) = 0.85exp -4(~
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Panatomic-X film was used. The photographs were taken with
an RClOA camera manufactured by Wild. Objective focal lengths
were 150 mm (effective aperture ratio 1:4) and 300 mrn (1:5.6).
The test pattern images were scanned with a computer con-
trolled microdensitometer and the measurements were evalu-
ated by a computer.
Figure 5b shows the results obtained from a grating pattern
oriented in the flight direction. Very good agreement was ob-
tained between the theoretical and the measured curves. The
spread function parameter cr was 2711m. The calculated width
of the spread function of a grating pattern perpendicular to the
flight direction was 23 11m.
Figure 7 shows the density profiles obtained for an artificial
edge and a natural edge. A higher signal-to-noise ratio of the
density profile is obtained when scanning an artificial edge in
comparison to a natural edge. Figure 8 shows the MTFs obtained
from grating patterns and from artificial and natural edges both
in the flight direction (a) and perpendicular to the flight direc-
tion (b). It should be noted that there is little difference in the
MTF of a natural and an artificial edge. We found good agree-
ment of the results obtained with different test patterns.
For an additional test of the MTF, we examined three-bar pat-
terns with different spatial frequencies. They were put close to
the grating and edge patterns in order to determine resolution
limits. With a 300-mm focal length lens, the minimum detect-
able period in the flight direction was 100 mm, and the corre-
sponding spatial frequency on the film was 31.5 mm _1. The
minimum detectable period perpendicular to the flight direction
was 70.7 mm with a corresponding film spatial frequency of
44.6 mm- 1. By introduction of a threshold in Figure 8, the res-
olution mentioned above is obtained as an intersection between
the MTF and the threshold (Tiziani, 1978). The spatial frequen-
cies at the intersection of the MTF, for well-defined artificial
edges, and the threshold curves compare well with the reso-
lution limits obtained from the three-bar pattern in the flight
direction and perpendicular to it, respectively. This comparison
proves the reliability of the different methods for the determi-
nation of image quality.
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FIG. 7. (a) The density profile of an artificial edge image. (b) The density
profile of a natural edge image.
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Corporation. A pair of edge and grating patterns was oriented
in the flight direction, and another pair was oriented orthogo-
nally to it. Figure 6 shows a recorded image. The length of the
grating pattern was 8 m and the width was 1.2 m. The length
of the edge pattern was 4.5 m and the width was 2.5 m. Kodak
INFLUENCE OF LINEAR IMAGE MOTION ON IMAGE
QUALITY
There are different types of image motions such as linear,
parabolic, sinusoidal, and random (Tiziani, 1977). This paper
deals only with linear motion. The quality of airborne photo-
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FIG. 8. (a) MTF of the test patterns in flight direction. (b) MTF of the test patterns perpendicular to the flight direction.
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(13)
flight direction and multiplied by this sine-function, the result
measured in the flight direction should be obtained providing
the signal-to-noise ratio is not to bad. According to linear re-
sponse theory, the MTFF in flight direction can be written as
where MTFp is perpendicular to the flight direction and MTFBis
in the direction of linear image motion. The image motion was
therefore extracted from the measured MTF. The flight param-
eters were the following:
v/H = 0.04342 1/sec
T = 1/700 sec
f = 303.64 mm
From Equation 11 the image motion is obtained as
a = 19 IJ-m.
Figure 9a shows the MTF of image motion with a = 19 IJ-m.
In Figure 9b MTFF, MTFp , and MTFB'MTFp are shown together.
Good agreement was obtained between MTFF and MTFB·MTFp •
Two airborne photographs of the same scene, taken with and
without FMC, were compared to investigate the linear image
motion. Corresponding roof edges were chosen and scanned
with the microdensitometer. From the parameters of the pho-
tograph (v/H = 0.05491 1/sec, T = 1/160 sec, and f = 303.75
mm) the image motion was calculated according to Equation 11
to be 104 IJ-m as shown in Figure lOa. The MTF without FMC can
be written as
MTFo = MTFB'MTFc (14)
with MTFBas the MTF of the linear image motion and MTFc that
of the airborne photograph with FMC. Figure lOb shows the
combined curves MTFo , MTFc , and MTFB'MTFc ' A major im-
provement of the image quality with FMC can be seen by com-
paring MTFo and MTFc . MTFo compares well with MTFB'MTFc '
One should notice that the first minimum and maximum of the
sine-function can be seen regarding the MTFo .
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FIG. 9. (a) MTF of an image motion with a = 19 !lorn. (b) MTFF ,
MTFp , and MTFB·MTFp .
1 - MTFp , 2 - MTFF , 3 - MTFB·MTFp .
graphs can be improved by applying forward motion compen-
sation (FMC). The photographs thus far referred to in this paper
were obtained without using FMC, and this explains why in
Figure 8 the MTFs of test patterns oriented on the flight direction
are worse than those perpendicular to it. From the difference
of the MTFs in the two directions, the image motion can be
calculated. It will be compared with the theoretical image mo-
tion.
The image displacement during exposure time T is
a = vTflH (11)
CONCLUSION
A comparison of the MTFs measured with two different meth-
ods is presented. The theory involved is first explained. For
EGA a new and relatively simple method was developed, char-
acterized by applying a Hanning function. In the same photo-
graph a grating pattern was examined. The MTFs of both methods
were found to be in good agreement. The two techniques can
be used in a complementary manner and increase the reliability
of image quality determination. EGA however has, from a prac-
tical point of view, the advantage that it does not rely on arti-
ficial edges, but works almost as well on natural roof edges.
The measured MTFs have been compared with the resolution
from three-bar targets where again good agreement was found.
Furthermore, the influence of linear image motion was exam-
ined. We found an improvement of image quality with FMC.
For photographs taken with high resolution films, FMC is found
to be necessary. Due to longer exposure times, additional dis-
turbances such as vibrations need to be considered.
where v is the speed of the airplane, f is the focal length of the
objective, and H is the altitude of the airplane. The spread func-
tion corresponding to the movement is a rectangular function
of width a. The corresponding MTF is its Fourier transform (Meier,
1960)
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(12)simrRaMTFB = a---1TRa
where R is the spatial frequency and a is the image motion. This
is a sine-function. If the MTF is measured perpendicular to the
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Practical Microdensitometry/Photodigitizing Seminar
Ramada Inn, Foothills, Tucson, Arizona
14-18 March 1988
The purpose of this seminar is to acquaint scientists and engineers with the theory and practice of microdensitometry and
photodigitizing. The seminar lasts four and a half days, and detailed notes will be supplied. Participants will learn design
considerations and evaluation techniques, perform practical configuration exercises, and analyze instrument performance (MTF
and calibration). In addition to a configuration guide for set-up, practical solutions for common instrumentation problems will
be offered. Participants will be given technical data packets on currently manufactured instruments. The lecturers are James
Horton of Perkin-Elmer Corp., James J. Jakubowski of Eastman Kodak Co., and Richard E. Swing of the FBI.
For a brochure with application form or further information, please contact
Philip N. Slater
1280 N. Speedway Place
Tucson, AZ 85715
Tele. (602) 296-1563
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